The auditory system is tuned to detect rhythmic regularities or irregularities in the environment which can occur on different timescales, i.e. regularities in short (local) and long (global) timescale which could conflict or converge. While MMN and P3b are thought to index local and global deviance, respectively, it is not clear how these hierarchical levels interact and to what extent attention modulates this interaction. We used a hierarchical oddball paradigm with local (sequence-level) and global (block-level) violations of regularities in 5-tone sequences, in attended and unattended conditions. Amplitude of negativity in the N2 timeframe and positivity in the P3b timeframe elicited by the final tone in the sequence were analyzed in a 2*2*2 factorial model (local status, global status, attention condition). We found a significant interaction between the local and global status of the final tone on the N2 amplitude (p<.001, η p 2 = .55), while there was no significant three-way interaction with attention (p > .05), together demonstrating that lower-level prediction error is modulated by detection of higher-order regularity but expressed independently of attention.
1

Introduction
2
Our perception relies on prediction to facilitate the decoding of the sensory information. The 3 predictive coding theories of perception suggest that the brain tries to minimize the surprise or 4 prediction error, and continuously uses the unpredicted portion of the sensory input to adjust 5 the predictive models (1). A crucial component of the predictive coding is the hierarchical 6 organization of perceptual systems, with higher levels which represent slower-changing 7 regularities modulating the processing of lower-level predictive units which integrate over 8 shorter time (2). Such nested hierarchical system are crucial in human speech processing,
9
where the probability of a sound depends on its immediate local environment such as the 10 syllable structure, whereas word and sentence rules in the given language give wider context 11 which would need to be taken into account when predicting the subsequent sound (3). How 12 such hierarchically nested rules are extracted from the auditory stream, how they interact with 13 each other and other systems such as attention and long-term memory are central to our 14 understanding of auditory perception.
15
Unpredictable deviations from predicted pattern in auditory input are detected and given 16 special processing in the auditory analysis of the incoming sounds. This can be detected using 17 event-related potentials, where mismatch negativity (MMN), a negativity best visible in the 18 difference wave between a predicted and an unpredicted stimulus, arises 150-250 ms after the 19 onset of the deviant (4). While neuronal adaptation contributes to the MMN generation, the 20 MMN cannot be fully explained by adaptation as it can be elicited by a deviant which is 21 physically identical to the standard but violates an otherwise established rule (5, 6). MMN has 22 been suggested to reflect the prediction error which results when a perceptual predictive 23 model meets sensory input (7). The portion of the input which is compatible with the model 24 will be attenuated, whereas the unpredicted portion will be propagated further and used to 25 update the predictive model. This would explain why physically more different stimuli, as 4 26 well as less probable stimuli lead to larger MMN: there capacity of the model to explain the 27 incoming information is lower, and consequently larger error variance will be propagated (7, 28 8).
29
Most MMN studies have examined the predictability of a stimulus with regard to its 30 immediate environment: the immediately preceding sounds, presented with relatively short 31 interstimulus interval (<1000 ms), where the predictive model would predict continuation of 32 the pattern established by the immediately preceding stimuli (9). However, in addition to such 33 "local" rules which govern whether the stimulus is predictable from a short train of preceding 34 stimuli, there could be more general rules about the predictability of the current stimulus in a 35 wider context, which could agree with or diverge from the local rules. For example, a 36 stimulus which is locally unpredictable, deviating from several preceding identical stimuli, 37 could be following a rule establishing its regular occurrence over a longer time period. Such
38
"global" rule would take into account the probability of the stimulus in a more complex 39 situation. Paradigms which have examined such "local"/"global" rules have used a set-up 40 where two stimuli, A and B, are presented in regularly structured sequences (e.g., AAAAB), 41 so that the model could build up an expectancy about a physical deviant, which could be 42 rarely violated by a physical standard (e.g., by a sequence AAAAA) (10). Such pattern 43 extraction-MMN (11) has elicited considerable interest as it addresses the question how the 44 auditory system can efficiently represent the often complicated and conflicting rules 45 governing the probability of stimuli.
46
It has been suggested that simple tone vs. complex pattern deviations, corresponding to 47 violating the local and the global rule, respectively, are processed by different neural systems,
48
with simple-feature deviance-detection occurring at earlier levels of auditory processing and 49 increasingly complex rule deviations detected on higher levels (12). An important question, 50 however, is whether the higher levels can modify the processing in the earlier levels, as suggested by the hierarchical coding model (1) 
70
Crucially, however, global-rule formation has been suggested to be attention-dependent. An 71 influential series of studies (10, (18) (19) (20) has used a local/global paradigm where five-tone 72 sequences (AAAAA or AAAAB) are presented within a longer block of sequences, where 73 each sequence can be either typical to the block (i.e., majority of the sequences are the same 74 type) or differ from the rule imposed by the majority within the block. In this situation two 75 hierarchically distinct predictions can be made: local predictions about the fifth tone in the sequence, and global predictions about the probability of the fifth tone while taking into 77 account the probability of the five-tone sequence in the context of the current block. These (18) (19) (20) (21) . While several studies showed that attention did not interact with 100 the local deviance effect, but did interact with the global deviance effect (10, 18, 19) between attention, local and global factors in the MMN time window needs to be tested.
107
In this study we used the local/global paradigm under attended and unattended condition to 
Methods
130
Participants
131
The participants were 20 healthy young adults (10 female) recruited among the community of 132 the University of Bergen. Three subjects' data was discarded due to excess movement 133 artefacts during EEG session, the analyses are based on 17 subjects (7 female). The mean age 134 of the 17 subjects was 25.4 years (range 21.1-34.8, sd 3.6). Subjects had no history of 135 psychiatric or neurological disease (assessed by self-report) and had auditory thresholds <25 
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Two attentional conditions were used: attended and unattended stimulation. In the attended 164 condition the subjects were asked to monitor the tones, compliance was checked by asking the 165 subjects to report on the sound characteristics after the recording using a 5-item questionnaire.
166
All subjects reported detecting some of the regularities present in the sound streams, with the 167 average score 4.1 out of 5 possible (only three subjects scoring 2 or 3, the others 4 or 5). In 168 the unattended condition the subjects were asked to perform a visual working memory task. In 169 the visual n-back task abstract visual objects (Fribbles, TarrLab, http://www.tarrlab.org) were 170 presented, asynchronously with the auditory stimuli, and the subjects asked to press a button 171 in case the object was the same as 2 objects previously. Compliance was checked by 
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After recording, the data were offline filtered using a zero-phase Butterworth IIR filter with 187 high-pass threshold 0.01 Hz (slope 12 dB/oct) and low-pass threshold 30 Hz (slope 12 188 dB/oct). The data were downsampled to 250 Hz. Eye movements were removed using 
195
To reduce the effect of contingent negative variation between attended and unattended 196 conditions, which could have affected the waveform from the beginning of the first tone, the epochs were corrected to the mean of the 50-ms baseline before the onset of the final tone.
198
Relative to the onset of the final tone, the N2 was quantified as the most negative value at the electrodes TP9 and TP10. We tested the N2 peak in the raw average waveform, for 202 comparability with the previous studies using the local-global paradigm as used here. In addition to the windowed analysis in pre-selected time intervals, we also estimated the ERPs. For significance testing we used the PALM package (Winkler et al., Neuroimage 2014) 231 with the threshold-free cluster enhancement procedure, performing 8000 permutations; the p-232 values were corrected using familywise error correction.
234
Results
235
N2 and MMN
236
The waveforms for N2 as well as difference waveforms isolating the MMN component are 237 depicted on Figure 1 , row A and B. As can be seen in the difference waveforms (Fig.1, B 
A: The waveforms from FCz depicting the N2 and the P3a for attended (left) and unattended
254
(right) condition. The waveform demonstrating P3a is depicted on Figure 1 ( The waveform showing P3b in the electrode Pz is depicted on Fig.1 In this experiment we exposed subjects to a hierarchical auditory structure where the 337 frequency of a tone was predicted by two independent rules in a factorial design: a local rule examining the difference waveforms isolating the MMN component (Fig.1) . The overall 382 probability of the x-tone in these different blocks was 96 % and 84 % respectively, which 383 means it would have been a local standard in both conditions. Thus, the modulation of the 384 negativity by the sequence-final X-tone could not be due to the local transitional probability 385 relative to the previous tone but reflected the global rule of the probability of the XXXXX- We additionally characterized the MMN wave generated by the deviants relative to the 390 standard sequence. The difference waves relative to sequence which was both a local and a 391 global standard (Fig.1, B) show the expected significant negativity in all three deviant 392 conditions.
393
The parallel representation of the local and global rule is consistent with the studies on multi- 
406
In contrast to the N2, the results in the P3a and P3b showed that their representation of compared to standard was larger under the attention condition than visual distractor condition.
436
As indicated by the timepoint-by-timepoint permutation analysis, this may be due to two 
